28-12- '04 06:59 WINSTON H5U.N0. 41526 8064986673 



T-825 P08/20 U-928 

Cite No. 2 



(12) INTERNATIONAL APFUCATION PUBUSHJCD UNHER THE PATENT COOPERATION TREATY (PCT) 



(19) World iDteUectual FropMy Org^nmUw 
IntenxatioDal Bureau 

(43) Internatiooal PublkatloD Date 
18 September 2003 (18.09.2003) 




PCT 



liiuiHiiiffiiiiHiiiaiiDiiiiiiimnii 

(10) loteraaUooalPuMlcatloil Number 

wo 03/077415 Al 



(51) InteraatioiiialFateiBCCIastHleatiao^i 
H03C3/IX> 



H03F im. 



(21) Ixiter«<rtiOMil AppUcjitioD Nomber: PCr/EB03/00$17 

(22) IntetuatioiialFiUixsPate: 17 Pebmaiy 2003 (17.02^003) 

(25) FiUog l4Uiguage: English 

(26) Pablicatloo LaDsnage: BngUsb 

po) Priority Data: 

FCT/sa02AX»42 U Maidi 2002 (I3X)3*20Q2) SO 

(71) Applicaot (for ail desig^tated States txcspt VS)t KONIN- 
KJLUKE PHILIPS ELECTRONICS N.V [KL/NL]; 
Gfoenewoudseweg 1, NL-5621 BA Eurvlbovea^ (NL). 

(72) Inventor; and 

(75) Inventor/AppllcaQt ^or US onfy^i KWONC, Kam, C. 
[MY/SG]; c/o Pxof. Hbktiaan 6. NL-5656 AA Hndhoveo 
(NL). 



(81) Das^aatad Stales (noHona!}: AE» AG. AL. AM. AT, AU, 

AZ. BA, BB . BO. BR. BY, BZ, CA, CH, CN, CO, CR, CU, 

CZ, DB, DK. DM. DZ, EC, EE. ES, PI, CT, GD. GE, OT, 

OM. HR, HU. nX m 15, JP, KE, KG, KP, KR, KZ, lA 
LK. LR, LS. LT, LU, LV, MA, MD, MG. MK, MN. MW, 

MX, MZ, NO. NZ, OM, PH, PL, FT. FO, RU. SO, SD, SE, 
SG. SK. SL, TJ, TM, m TO, TT, TZ, UA, UG, US. UZ, 
VC, VN, TU, ZA, ZM. ZW. 

(M) DasEgaatad Staias (rggiomiijx ARIFO patent (GH, GM, 
KB. LS, MW, MZ, 5E>, SL, 5Z. IZ, UG, ZM. ZW), 
Eozaaan patent (AM, AZ^ BY. KG, KZ» MD, RU, TJ, TM). 
Boropean paGent (AT. BE, BO, CHt, CY, DE, DK, BE, 
BS. H. PR, GB, GR, HU. IE, rr, LU, MC, NL, FT, SE, SI, 
SK. TUX OAH patent (BP, B J, CF, <Xj, O, CM, OA, ON, 
GQ, GW, MR* NE. SN, TO. TO). 

PubHahed: 

— wUh inlemational search raport 

For two-letter codos and athar abbrfvifUions^ refer to the "Guid- 
ance Notes on Codes andAbbreviations " <g?pearing ^ the begith- 
rUng of each regular iuud of tha PCT Gojtette. 



(74) Agents PEGUELLE, WiUielmus, G.; Interoationaiil 
Octzooibii][eBu B.y , Prof. Holsdaan 6, NL-56S6 AA Eind- 
hoven (NL). 



(54) Title: FRONT STAGE AMPUFDBR WITH DIFFERENT MODES 







-^15 









< 



RFIn 



SMfl 



m 



L 





r 



R« 



(57) Abstract: A mnltiziiode firont stage amplifier and method of amplifying a signa] having an optiomm slgna] on^mt tot weak 
1^ signak as welt 85 for strong signals provided for TV tuzien. A prodnct baving a midtiiiioda front stage ampiiSer andpvovisions for 
^electing diJSSqrent modes of ptocesslng the signal. 



PAGE 8/20' RCVD AT 12/3012004 10:09:10 PM (Eastern Standard Time] ' SVR:USPTO-EFXRF-1/0 ' DNIS:8729306' CSID:8064986673 * DURATION M:OMO 



?8-12- '04 08:59 WINSTON HSU, NO. 41526 8064986673 T-825 P09/20 U-928 

WO 03/0t7415 FCT/IB03/00617 



Front stage asopllfler vltb Afferent nodes. 



FIELD OF THE INVENTION 

The invention relates to amplifiers in general, and more specifically to 
amplifiets ^ioaUy used m tadio fi:equency (RF) leoeivefs. 



BACKGROUND OF IHE INVENTION 

An:9U£erfi are used for amplifying ii^nt KP fiignals to receivers such as TV 
tuners, znultdmedia tunecs, and tuners £br PCs. 

Presently in a TV tuner (TV setX fiur example, tbere exist different types of 
0 anqilifiers^ for example^ a low-noise an4>Iifier (LNA) type amplifier with a bypass, or a 
power splitter type amplifier. 

Hiese two concepts have been used until today by most of the TV set 
manu&cturers, but both concepts have disadvantages. An LNA) for example, wilh a hi^ 
gain and low noise, is not able to handle normal cable TV signals, and a power splitter 
5 arnplifier that is able to handle such signals has relatively high noise. These two drawbacks 
cause problems, for example, when a TV set should be CQmiectable to boib a ctibio TV 
system and a conventional antenna and at the same time provide ahi^i quality. 

JP-A-10084500 describes a LNTA for improved sensitivity especially for low- 
level signals with a sensor for a c^ain threshold. The LNA can not be used as asphtterfi>r 
to strong cable signals, for example, since the b>ppass sufifeis fiom in^lementation loss. 



SUMMARY OF THE INVENTION 

It is an object of the invmtion to provide an amplifier that has an optimum 
15 signal oulput for weak signals as well as fox strong signals. 

Herein^ a '"sttxxo^ signal'' denotes a signal having a strengdi comparable to a 
cable TV signal, a ' Veak signal" denotes a signal having a strength comparable to a signal 
finom a conventional outdoor antenna. 
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The temL **stxiHDig sigaal^^ typically refera to signals > 1 xnV, llie temi ^"medium 
signal'* typically refers to signals > 316 /iV but < 1 mV» and fhs tenn ^Veak signal** typically 
refers to signals < 3 16 /iV. These values are not absolute, but an example. Sig^ values that 
are outside these limits but hanre a similar size are also within the scope of the invention as 
defined in the claims. 

According to a first aspect of the invention^ the object is obtained by a multi- 
mode amplifier that cdo be switdied between high gain iii case of a weak signal and low gain 
in case of a.stzong signaL 

In this way, the anq>lifier can have dif^Brenl characte(ristics for different 
signals; this is of great inqiortance in particular for hybrid analog^digital tuners. 

According to a prefeired embodiment of the invention, there is provided 

an amplifier device, the amplifier device comprising: 
amplifier means £hr ampliQdng aradio fi^quency (RF) Input signal^ and 

a controllable feedback loop fen- adjusting a gain and a bias voltage lulled to 
the amplifier means f<^ aiyusting a cmrent determining a noise level» arranged to provide at 
least two difierent modes, a first mode providing high gain atid low noise for handling weak 
signals and a second mode providing low-gain power splitting for handling strong signals. 
The mode can be selected independence on the input signal received, which will result in an 
optimum signal output 

Preferably, the anq>lifier device comprises a mode selection means, and the 
feedback loop connected between an ou^ut and an ix^ut of the amplifier means comprises at 
least two resistors a first resistor and a second resistor coxmected in parallel to each other, 
wbesein the second resistor is connected in series with a switch conlxoU^ 
selection means, which mode selection means also controls a bias voltage applied to the 
amplifier means. This is a cost-efTective solution when two modes are required to deliver 
optimum signal outputs depending on whether a strong or a weak iiq>ut signal is received. 
The mode selection means comprises circaitcy for selecting between the at least two difiTerent 
modes. 

Preferably, the noode selection means control the feedback loop and tbe bias 
voltage to provide a third mode providing high gain and high current. This third mode 
delivers an optimum signal output when receiving a medium4evel inpiit signal. 

According to anotiier embodiment of the invoition, a product is provided 
comprising the amplifier device and provisions for selecting the modes« In this case the 
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optitinmL signal ou^ts of the aDoplifier device txx fte product xDay be selected maxxually or 
automaticdUy. 

According to another preferred embodiment of the invention, a method of 
apaplifying a tadio &eq[uency (RF) signal is provided conqprising the steps o£ 

flTTipli lying the signal in at least a first mode and a second mode by amplifier 
means having at least two modes, said first mode providing hi^ gain and low noise for weak 
signalSi and said second mode providing low gain for handling strong signals. 
Pteferably> the m^eOiod further comprises the stq^ of. 

amplifying the signal in a third mode^ said third mode providing high gain and 
hi^ current for medium signals. 

These and other aspects and embodiments of the invration will be apparent 
fiom the preferred embodinients(s) described hereinafter. 



BRIEF DESCRimON OF THE DRAWINGS 

The present mvention will be more clearly understood 6pom the foUowmg 
description of the preferred embodunents of the invention read in conjunction with the 
attached drawings, in which: 

Fig. 1 is a circuit diagram showing an amplifier device according to a 
preferred embodimepat of the invention. 

Fig. 2 is a graph showing how the anq>lifior device in Fig. 1 operates in a 

sputter mode. 

Fig. 3 is a grqph showing how the anqilifier device in Pig. 1 operates in an 

liNA mode. 

Fig. 4 is a flow chart illustrating a method according a preferred embodiment 
of the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 shows a dxcnit diagram of an amplifier device 10 according to a 
prefored embodiment of the invention. The aoplifier device 10 coupqpriises an operational 
amplifier 1 having an output la for delivering a radio-firequency output signal RFout 
cormeoted in a feedback loc^ Ic to an input lb of &e amplifier 1 for receiving a radio- 
fi-equency input signal RFin. The feedback loop Ic comprises two different resistors, a first 



PAGE 11/20 ' RCVD AT 12/30/2004 10:09:10 PM (Eastern Standard Time]* SVR:USPTO{FXRF-1/0 ' DNIS:8720306 ' CSID:806498e873 ' DURATION (inin-ss):05-30 



. 26-12- '04 09:00 WINSTON H5U.N0. 41526 8064986673 



T-825 P12/20 U 



wo 03/077415 PCT/IB03/00617 

4 

imstoor Rl and a fiecoxid resistor R2 connected in parallel to each other, which tefiistors Rl 
andR2 can be coimected in different ways by means of a first switch SWl connected in 
series with one of the resistors Rl and R2y in this case the second resistor R2. The first switch 
SWl is shown in an OFF position, conrespondiag to an LNA mode. The amplifier device 10 
further comprises two resistors controlling the bias of the operational amplifier 1, i.e. a third 
cesistor R3 coupled to a voltage Vbias and a fimrth resistDT R4 connected to ground, both 
coiq>led to the amplifier 1 (at the same terminal). The fourth resistor R4 is controlled by 
means of a second switch SW 2 comiected in series with the fourth resistor R4. 

The amplifier device (10) can be used as a device coupled to a tuner input or 
as an improved splitter arranged to supply output signals to at least two tuners. 

When the amphfier device 10 operates in the LNA mode, the second switch 
SW2 is ON. The operational curve is shown in Fig. 2 showing gain G and noise figure NF 
plotted versus fi^uency f. When operating in the pow^ splittex mode> the first switch SWl 
is ON and the second switch SW2 is OFF. The curve of tbis mode is illustrated in Fig. 3, 
where gain G and noise figure NF areplotted versus fioquency £ 

The first and second switches SWl and SW2 are controlled by a mode 
selection means IS. 

A third mode is achieved when bodi switches SWl and SW2 are OFF, 
whereby a high gain splitter and high current LNA is obtained at the same time. This third 
mode is intended for a medium-strength signal. 

The mode selec^on means ISoanbeccmtrolledbyabuttononarexnote 
control device or via another switch on flxe amplifier device (15) or on a product in which the 
anQ)lifier device (15) is present The mode selection means 15 may also be arranged to be 
controlled automatically by usang an ouQnxt of a signal to noise ratio detector as can be Jfound 
in IF-processors. 

As described^ an LNA tuner of today is not always able to handle signals 
offered by a cable TV system and therefi»re requires a bypass. Due to implementation losses, 
it suffers an overall deterioration in system perfi>rmaace anywhere fiom ^ IdB (at SO MHz) 
to -3 dB (at 860 MHz). By switching this LNA to the splitter mode, which is acconq>lished 
by mode selection means 15 controlling the switches SWl and SW2 (indicated by dashed 
lines in Fig. 1), tibie amplifier device 10 is Bl$a able to handle Oiese cable TV signals without 
any loss in systern perfoimance conq>ared to a '"normal" tuna:. 
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In die LNA mode, a receiver (cot showxi) coupled to the output of the 
amplifier device 10 is able to achieve goodnoi^e properties (typically low noise) and hig^ 

gain. 

In the splitter mode» a receiver (not shown) does not suffer firom any 
degradation due to fhe lower gain of fhe amplifier device (10) since it is operating in Hie 
splitter mode. The wide input stage will give the an^lifier device (10) the same 

« 

intemiodntafion limitation as a splitter. 

in the third mode, the gain of the amplifier device is increased while keeping 
the current for an iotgrmodiiljntion levd between the level of a splitter and the LNA 
mode* The overall system signal to noise (S/N) performance is improved thereby. 

A t)pical pexformance for an amplifier device according to the invention is: 

LNAmode: RF-IFNF3 dB, gain>50dB 

Splitter mode with RF out: RF - IF NF 8 dB, gain > 40 dB- 

The inv^tlon may also be realized in a method, which wiU be described 
below with reference to Fig. 4. 

A first step 101 compdses atnpHi^dng the signal in-at least a first mode and a 
second mode by amplifier means having at least two modes, said first mode providing high 
gain and low noise for weak sig^ials, and said second mode providing low gam 
splitting for handling strong signals. 

A second st^ 102 conpiises amplij^wg the aignal in a third mode, said third 
mode providing high gain and high current &t medium signals. 

The invention finds its s^lication^ for example, in hflrtdiitig cable, terrestrial^ 
and satellite TV signals. 

As used in the following claims, it should be noted that the above-mentioned 
embodiments illustrate rather than limit the iovention^ and that those skilled in the ait will be 
able to design many alternative embodiments without departing &om Hko scope of the 
appended claims. In the clainis, any reference signs placed between parentheses shall not be 
ooDStnied as limiting the claim. The verb "comprise'' in all its conjugations does not exclude 
the presence of elements or steps ottier than those listed in a claim. The word "a'* or ' W 
preceding an element does not exclude the presence of a plurality of such elements. The 
invention can be implemented by means of hardware comprising several distinct elements^ 
and by means of a suitably programmed con9>uter. In the device claim enumerating several 
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means, several of these means can be emibodied by one and Hie same item of haxdware. The 
mere fact that certain lAeasures are recited in mutually dififecent dependent claims does not 
indicate that a combinaftion of these measures cannot be used to advantage. (See above). 
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1 . An ampU&er device (10), said amplifier device comprising: 

amplifier (1) means for ampli^iog a iadio-fi:eqaency input signal RFin, 
a controllable jSeedback loop (Ic) for adjusting a g^in and a bias voltage 

i^lied to the an^>]i£er means (1) for adjusting a civxent determining a noise level, the 
feedback loop and die bias voltage being arranged to provide at least two different modes, a 
first mode providinglu^^ gain and low noise for handling weak signals and a second mode 
providing low-gain power splitting for handling strong signals. 

2. An amplifier device (10) as claimed in claim 1, wherein the amplifier device 
(10) comprises mode selection means (IS), and the feedback loop (1 c) is connected between 
an output (la) and an input (lb) of the aizq>lifier means (1)> the feedback loop (Ic) 
compzisiiig at least a first resistor (Rl) and a second resistor (K2) connected in parallel to 
each other, and wherein the second resistor (B2) is connected in series with a switch (S Wl) 
controlled by the mode selecticm means (15), which also control the bias voltage applied to 
the amplifier meazis (1)* 

3. An amplifi.er device (10) as claimed in claim 1 » wberein the mode selection 
means (IS) axe arranged to control the feedback loop (Ic) and Ibe bias voltage to provide a 
third mode providing hi^ gain atLd high curr^t. 

4. A product coo^rising the amplifier device (10) as claimed in claim 1 and 
meaaots for selecting the at least two diffemit modes. 

5. A method of ampli^dng a radio-fi:equency signal, fixe method comprising the 
step of: 

anqpliiying the signal in at least a first mode and a second mode by amplifier 
means haeving at least two modes, said first mode providing high gain and low noise for weak 
signals, and said second mode ptoviding low-gain power splitdng far h a ndling fifenmg signals. 
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5^ A method as claimed in claim 5 » further C02tt|irisxiig fte step o£ 

iftdng the aiffial in a ttiird mode> said tiiirf 
fiir medium signals. 
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